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Introduction
Small changes in birth weight can have important financial implications for hospitals in many of the widespread prospective payment schemes (PPS) which reimburse hospitals with a fixed rate for the treatment of strictly defined diagnosis related groups (DRGs). More specifically, hospitals receive a higher reimbursement for newborns with birth weight just below certain thresholds than for newborns with weight above, leading to an incentive to under-report birth weight. The evidence is accruing that the introduction of birth weight thresholds has led to large under-reporting -so called upcoding -of birth weight (e.g. Jürges and Köberlein 2015; Shigeoka and Fushimi 2014) .
At the same time, birth weight thresholds are used to diagnose newborns as having "extremely low" (weight ≤ 1000g), "very low" (weight ≤ 1500g), or "low" birth weight (weight ≤ 2500g) and appear in medical guidelines. Despite the fact that low birth weight is typically linked to worse health outcomes (see e.g. Hack et al. (2002) , Hummer et al. (2014) ), newborns with weight just below the 1500g diagnostic threshold have been found to have higher survival chances than newborns with weight just above (Almond et al. 2010; Bharadwaj et al. 2013; Breining et al. 2015) . To the extent that reimbursementrelevant birth weight thresholds are identical to the diagnostic thresholds, the practice of upcoding newborns' weight may thus be to the benefit of the newborn. Furthermore, as the hospital receives more money for newborns with weight below the reimbursement relevant thresholds, they may also be able or willing to deliver additional care to these newborns.
In this paper, we investigate whether newborns benefit from having a reported birth weight below reimbursement relevant weight thresholds in the German DRG system. Based on an administrative hospital claims data set covering the universe of hospital births in Germany in the years 2005-2011, we compare the survival chances and the quantity of care that newborns with weight just below the relevant thresholds receive to those of newborns with weight just above the thresholds. We include all eight reimbursement relevant thresholds in the German DRG system. While some of these thresholds overlap with the diagnostic thresholds and/or are explicitly mentioned in medical guidelines, others are only relevant for reimbursement, allowing us to shed light on the importance of diagnostic thresholds, medical guidelines, and reimbursement for the care of newborns.
Different from the settings in the earlier literature on the effects of diagnostic thresholds (Almond et al. 2010; Bharadwaj et al. 2013; Breining et al. 2015) , the fact that the diagnostic thresholds are relevant for reimbursement in our setting imposes a challenge to the empirical analysis: If the decision to upcode a newborn's weight below a threshold depends on the newborn's health status, the crucial assumption that newborns with reported weight above and below the threshold have ex ante similar health is not plausible, an issue that Barreca et al. (2011) already raised in the light of the earlier literature. As Jürges and Köberlein (2015) show, it is likely that birth weight manipulation in German hospitals is not random. To the contrary, hospitals primarily tend to upcode newborns for whom staff expects more care. These are relatively fragile newborns that still have non-negligible survival chances and will therefore receive a lot of treatment. We take three steps in our analysis to take this into account: First, we control for a large set of variables capturing a newborn's health at birth. We specifically choose variables such as sex and plurality of births that are not easy to manipulate and observable to the hospital staff who reports newborns' weight. These are variables that may influence reported birth weight. Second, we restrict our analysis to newborns who survive the first day of their life, thus excluding those very fragile cases for whom hospital staff may expect an early death, making upcoding of birth weight not worthwhile. In a third set of results, we further include hospital fixed effects in our estimations, taking into account possible differences in coding practices and treatment across hospitals.
Our findings show that without controls and not restricting to first day survivors newborns with weight below almost all of the eight thresholds stay in the hospital longer, receive more procedures, and have lower mortality (during the hospital stay). However, for all but the highest two thresholds (2000g and 2500g) these results become insignificant or even change sign, when we control for health at birth, exclude newborns who die on the first day of life, and include hospital fixed effects. We interpret this as evidence that neither reimbursement differences, nor the diagnostic threshold of 1500g or thresholds in medical guidelines trigger additional care or reduce mortality among newborns in Germany. While our results may indicate that newborns with weight just below 2000g and 2500g benefit from being below these thresholds, we believe that the differences rather reflect systematic upcoding related to factors that we cannot control perfectly. As further discussed in the final section of this paper, we therefore conclude that DRG-related upcoding in Germany does not affect the care upcoded newborns receive.
Our paper contributes to and brings together two strands of literature. The first focuses on the question whether hospitals upcode diagnoses or other health measures, such as birth weight, to generate higher payments in DRG reimbursement systems. Concerning the upcoding of diagnoses, Dafny (2005) shows that hospitals reacted to a recalibration of Medicare DRGs in 1988 by disproportionally shifting patients to diagnoses codes that became more lucrative. At the same time, she finds no changes in the treatment that patients receive nor in patient mortality. Silverman and Skinner (2004) focus on Medi-care patients with respiratory disease and show that the share of patients coded to the highest paying DRG increases significantly over time, particularly so in the group of forprofit hospitals. Furthermore, there is evidence that also hospitals in the Italian region of Emilia-Romagna (Verzulli et al. 2016) , Portugal (Barros and Braun 2016) and Norway (Januleviciute et al. 2016 ) upcode patients to the highest paying DRGs. Concerning upcoding of patient characteristics, Shigeoka and Fushimi (2014) show that hospitals in Japan have manipulated birth weight as a response to the introduction of a partial PPS in a way that increased hospital payments. Similarly, Jürges and Köberlein (2015) find that German hospitals reacted to the introduction of the DRG payment system in 2003 by systematically under-reporting newborns' weight.
The second strand of literature focuses on the effect of birth weight thresholds on the quantity and quality of care that newborns receive. Based on the census of U.S. births, Almond et al. (2010 Almond et al. ( , 2011 find that newborns with weight just below the very low birth weight threshold at 1500g have higher survival chances than newborns with weight above. Based on hospital discharge data for five states they further find that birth weight below 1500g triggers additional care that also results in higher hospital charges. Their results are particularly concentrated among low quality hospitals, i.e., those hospitals that offer no or only low levels of neonatal intensive care. Similar effects of the very low birth weight thresholds have been found for newborns in Chile where medical guidelines explicitly recommend different treatment depending on a very low birth weight diagnosis (Bharadwaj et al. 2013) . Breining et al. (2015) focus on Denmark where the treatment recommendations in medical guidelines only vary across the very low birth weight thresholds for newborns with at least 32 weeks of gestation. They find that indeed only for newborns born at 32 weeks of gestation or more, treatment depends on birth weight. For newborns born earlier in the pregnancy they find no treatment differences with birth weight, indicating that medical guidelines have an impact on the care that newborns receive.
Our paper brings these two strands of the literature together in investigating whether newborns benefit from upcoding of birth weight below thresholds that may themselves affect the care that newborns receive as they are diagnostic thresholds. Our analysis contributes to the first strand of the literature by investigating effects of upcoding on the care the patients receive. We add to the second strand by focusing not only on the very low birth weight threshold but also on other thresholds that impact diagnoses and appear in medical guidelines.
The rest of the paper is structured as follows: In section 2, we give an overview on the institutional background in Germany and discuss which different birth weight thresholds may be related to the quantity and quality of care that newborns receive. We introduce our data in section 3 and the empirical strategy in section 4. In section 5, we present our results, the sensitivity of which we explore in section 6. The paper closes with a discussion and conclusion in section 7.
Institutional Background
In this section we give a brief overview on the German DRG (G-DRG) system and then describe reasons why the treatment that newborns receive in German hospitals may vary around birth weight thresholds.
The G-DRG reimbursement system
Until the year 2003, German acute care hospitals were reimbursed through a multiplesource-system consisting of a hospital specific patient/day base-rate, a ward specific rate and case-based lump-sums. In order to increase efficiency and, in particular, reduce length of stay, the G-DRG system was introduced. Under the old and the new system, reimbursement was and is generally the same irrespective of individuals' insurance status (public or private). Based on the Australian DRG system, 664 DRGs defined by combinations of diagnoses, performed procedures, hours of ventilation, age and (for perinatal DRGs) birth weight were set up. To each DRG a case-weight was assigned which determined the final reimbursement. This case-weight multiplied by a base-rate gives the amount of money a hospital receives for treating the respective patient.
In a transition period from 2003 to 2010 hospital specific base-rates were used. These rates advanced towards state specific rates over the years.
1 Since 2010 most hospitals are reimbursed according to this state base-rate. From 2010 to 2014 these state specific base rates in turn narrowed down to a federal base rate interval (Salm and Wübker 2015) . Case-weights and group definitions vary from year to year. The German Institute for Hospital Reimbursement 2 decides on changes of case-weights and DRG definitions every year using information on actual costs of different treatments reported voluntarily by a group of hospitals. Since the introduction of the G-DRG system, the number of DRGs almost doubled to 1200 in 2015.
The reason for starting with hospital specific rates was that hospital cost structures were drastically different when the G-DRG system was introduced. Starting off directly with identical reimbursement in each state would have led to major financial struggles for some hospitals.
2 Institut für das Entgeldsystem im Krankenhaus (InEK), financed by private and social health insurers as well as the German Hospital Association.
3 For an analysis of these changes see Schreyögg et al. (2014) .
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The change over time in the number of DRGs in neonatal care, however, was not as drastic. When DRGs were first put into use in Germany in 2003, 38 different groups for the treatment of newborns were defined. Until 2015 this number has increased only slightly to 42 groups. The majority (37/42) of these groups depend on birth weight. The remaining 5 DRGs are for newborns that die within the first four days of their life and for specific cardiovascular conditions. The 37 birth-weight related DRGs depend on eight birth weight thresholds. Within each birth weight interval multiple DRGs cover different degrees of treatment complexity and complications. For our main analysis, we investigate differences across these thresholds.
In order to compare only similar cases left and right of the thresholds we also conduct analyses within "severity groups" across thresholds. To this end we group the DRGs into six severity groups that have the same level of complications and complexity based on the DRG catalog. Within each severity group birth weight should be the only difference across thresholds. Table A .1 (in the Appendix) shows which DRGs we assign to the different severity groups in the different birth weight intervals. Group 1 in Table A .1 comprises the least severe cases, group 6 the most severe ones. At very low birth weights there are only two different groups of severity. The first contains newborns with lower levels of complications and less severe health conditions. This group splits up into four groups for higher birth weight intervals (group 1-4). The second group contains more severe cases and splits up into two groups for higher birth weights (group 5/6). Starting from a birth weight of 1000g, three severity groups apply as the joint group 5 and 6 is split into two severity groups. At birth weights of 1500g and higher all 6 groups are present.
Treatment and birth weight
Broadly speaking, there are two reasons for differences in treatment of newborns across birth weight intervals. As explained in more detail below, the first is that DRGs are defined along birth weight intervals, leading to sharp increases in reimbursement when birth weight crosses from above to below thresholds and hence more funds to spend on costly procedures. The second reason is that birth weight thresholds are used in the diagnosis of newborns, define the level of specialization of the hospital that the newborn should be treated in, and appear in medical guidelines. Figure 1 provides a systematic overview on changes in case-weights with birth weight within the six DRG severity groups defined above, i.e. holding everything else except for birth weight constant. Generally, the case-weight decreases at 600g, 750g, 875g, 1000g, 1250g, 1500g, 2000g, and 2500g . Reimbursement for newborns with weight just below the thresholds is thus generally higher than for newborns with weight on or above the thresholds. The sizes of the jumps in case-weights (and thus in reimbursement), however, vary across groups and within groups across thresholds. The 2500g threshold for example is not relevant for reimbursement for newborns in the least severe group (Group 1), while the 750g threshold only hardly matters for the cases with most severe conditions (Group 5/6).
Thresholds and reimbursement
-FIGURE 1 ABOUT HEREAs an example for how small changes in birth weight can affect reimbursement let's consider a notional hospital in the German state of Hesse in the year 2010 which had a base-rate equal to the state base-rate of €2,968.56. A generic newborn in this hospital may have had a birth weight of 1004g and was assigned DRG P63Z 4 which in this year had a case-weight of 8.776. Total reimbursement to the hospital would have been €26,052.08. Had the weight instead been 999g, DRG P62D with a case-weight of 15.51 would have been assigned. This means the hospital would have received €46,042.37, a plus of almost €20,000 for a 5g change in birth weight.
As the financial incentives apply to the hospital, while treatment is typically decided on by the medical personnel, one might argue that these reimbursement differences should not play a large role for medical decision making. However, Jürges and Köberlein (2015) have shown that reimbursement differences by birth weight have led to manipulation of reported weight. As birth weight is reported by medical personnel, the individuals who decide on treatment are aware of the financial importance of reimbursement differences. If they are also informed about the costs of different procedures, they may also take these differences in reimbursement into account when deciding on which treatment newborns receive.
Thresholds and medical guidelines
In addition to reimbursement differences, birth weight determines the level of specialization of the hospital in which newborns should be treated. In Germany, four degrees of specialization are defined by the Gemeinsamer Bundesausschuss (2013) 5 : Level 4 indicates regular maternity clinics, Level 3 means that basic neonatal care can be provided, Level 2 4 For example, because it was a girl, ventilation was in use for 48 hours, respiratory distress syndrome (ICD-10-GM: P28.5), systematic inflammatory response-syndrome (ICD-10-GM: R65.0), and some other infectious disease (ICD-10-GM: P37.9) were diagnosed and the girl was treated by monitoring cardiovascular levels (OPS: 8-930), was given a VR-infusion (OPS: 8-811.0), CAPA ventilation was performed (OPS: 8-711.00) and after this did not work out, endotracheal intubation (OPS: 8-701) came into use.
5 The highest self administration unit in the German health sector which consists of 13 members representing health insurers, providers as well as the general public.
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clinics have some specialization in neonatal care, and Level 1 clinics maintain neonatal intensive care units (NICUs). Pre-term births with weight above 1500g should be treated in clinics of at least Level 3, birth weight between 1250 and 1500g induces Level 2 care, while newborns below 1250g should be treated in Level 1 clinics.
6 7 To the extent that better care is provided in more specialized hospitals, birth weight just below the thresholds that require care in more specialized hospitals, in particular below 1250g could be beneficial for newborns.
As results in the earlier literature suggest (Almond et al. 2010; Bharadwaj et al. 2013 ), further differences in treatment around birth weight thresholds could result as a consequence of thresholds in medical guidelines or as thresholds determine diagnoses, such as the international standard classifications of extremely low (below 1000g), very low (below 1500g), and low birth weight (below 2500g). The German Association of the Scientific Medical Societies (AMWF) publishes a multitude of medical guidelines for neonatal care. They range from guidelines concerning the care of very frail newborns to care for healthy newborns. Additionally, there are guidelines on after-hospital care for groups of newborns with specific conditions. Except for the 875g and 2000g thresholds, all reimbursement relevant thresholds are mentioned in at least one of the guidelines concerning neonatal care.
The threshold that appears most often is 1500g, the diagnostic threshold for very low birth weight. Only few guidelines, however, give specific recommendations on care depending on birth weight. One example that does is the guideline on parenteral nutrition. Among other things, it recommends specific nutritional solutions for newborns with weight below 1500g (AWMF 2014). Most recommendations seem to be linked to gestational age rather than weight.
Although they do not contain specific treatment recommendations, several guidelines report risks of specific diseases or survival chances for birth weight intervals. For example, the risks of complications like necrotizing enterocolitis (11% for 401-750g, 9% for 751-1000g, 6% for 1001-1250g, and 4% for 1251-1500g) and patent ductus arteriosus (30% for pre-term birth with weight below 1500g, and 50-70% for newborns below 1000g) are reported for birth weight intervals. Furthermore, survival chances for esophageal atresia are reported separately for newborns with weight above or below 1500g, with higher chances 6 Interestingly, the German Association for Perinatal Medicine uses different Level labels (1, 2a, 2b and 3) and slightly different thresholds which would admit less newborns to NICUs (Bauer et al. 2006) . Nevertheless, the Gemeinsamer Bundesausschuss (2013) regulations are binding.
7 Theoretically this structure could offer an incentive for hospitals to increase birth weight of newborns that would be too light for this type of clinic and would be transferred otherwise. Since case-weights are calculated for average newborns within a birth weight bracket, reimbursement would most likely not cover all the costs for newborns at the lower end of a birth weight DRG, making over-reporting of weight to keep newborns implausible (Jürges and Köberlein 2015) .
for heavier newborns (AWMF 2012). Although risk classifications are no direct recommendations on care, they may result in treatment differences, to the extent that they influence physicians' awareness of risks for newborns in the different weight groups.
As some thresholds are only relevant for reimbursement (875g, 2000g) , while others affect reimbursement as well as the type of hospital that a newborn should be treated in (1250g), or overlap with diagnostic thresholds and are mentioned in medical guidelines (600g, 750g, 1000g, 1500g, 2500g), we can shed light on the importance of the drivers of differences in medical care around the thresholds by comparing effects across thresholds.
Data
Our analyses are based on the universe of German hospital claims from the years 2005-2011. All German hospitals have to submit their DRG claims to the Institute for Hospital Reimbursement (InEK). InEK forwards parts of the data to the German Federal Statistical Office, which makes the data available to researchers.
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For each of the roughly 20 million hospital stays per year in Germany, the data contain basic demographic information on the patients, as well as detailed information on the hospital stay. In addition to the exact DRG used for reimbursement, the data contain information on the reason for the hospital stay, the length of the stay, procedures performed during the stay (the German version of ICPM codes, called OPS codes), diagnoses (ICD-10-GM) codes, and the reason of discharge (including regular discharge, death or referral to a different hospitals among others). For newborns, the data further contain information on birth weight.
In our analyses, we restrict the data to all births (cases with a perinatal DRG (those beginning with "P") and "birth" as cause of admission) with valid information on newborns' sex and a birth weight between 450 and 3000g.
9 After applying these selection criteria our sample amounts to a total of 985,885 cases. Table 1 displays basic descriptive statistics for our data, averaged across all cases with birth weight 450-3000g and separately for the different birth weight intervals that are relevant for reimbursement (< 600g, 600-749g, 750-874g, 875-999g, 1000-1249g, 1250-1499g, 1500-1999g, 2000-2499g, 2500-3000g) . It contains information on birth weight, on quality and quantity of care (length of the hospital stay, number of procedures, mortality), on the newborn's health at birth, as well as hospital related control variables.
-TABLE 1 ABOUT HEREOn average, newborns have a birth weight of 2601g, have 2.6 reported procedures, and stay in the hospital for 8.5 days. Only 0.6% of newborns die during the hospital stay 10 . Birth weight increases mechanically across the birth weight intervals. At the same time quantity of care and mortality generally decrease. The 600g threshold constitutes an exception: Newborns with weight below 600g receive less care than newborns in the next interval. This may be explained by the fact that in the lighter group of newborns a larger share dies very early on (34% die on their first day of life, compared to 13% in the group with weight 600-749g), likely leading to shorter hospital stays and fewer procedures for the group with weight below 600g.
To measure health at birth we use variables that are visible at birth and known health risk factors for newborns. These are important variables for our analysis as they could influence the reporting of birth weight as well as the care that newborns receive in the hospital. In addition to sex, pre-maturity, and plurality of birth (which are mentioned explicitly as risk factors for newborns' survival in medical guidelines (AWMF 2007)), we focus on two conditions that usually become apparent during or right after delivery and are leading causes of death among pre-term births: asphyxia and infant respiratory distress syndrome (IRDS). Furthermore, we include several indicators for maternal healthbehavior during pregnancy, namely whether the mother smoked, drank alcohol, or took illegal drugs.
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In our data, 44% of all newborns are boys 12 , 19% of births are premature, i.e., born with at least 28, but less than 37 completed weeks of gestation (ICD-10-GM: P07.3). Moreover 1.2% are extremely premature, i.e., have a gestational age of less than 28 weeks (ICD-10-GM: P07.2). 11% of newborns are twins. 0.4% are higher order births. Asphyxia is a form of oxygen deprivation that occurs during delivery. The ICD-10-GM coding system contains three different diagnosis codes for asphyxia, one for newborns with severe asphyxia and a 1-minute APGAR score 13 of 0-3 (ICD-10-GM: P.21.0), one for 10 We derive the information on whether a newborn dies from the reason of discharge. 11 Unfortunately, linking the data on newborns to their mothers -who constitute a separate hospital case -is impossible. Most procedures concerning delivery -except for those specifically undertaken for the newborn -are billed as the mother's case, not the newborn's case. Thus, the data contain almost no information on what happened during pregnancy or delivery. To the extent that this information determines the newborn's reported weight and later treatment, this is valuable information that we unfortunately do not have in the data. To account for this as best as we can, we proxy for mothers' behavior during pregnancy by relying on diagnoses that the newborn receives.
12 This unusually low number may result from the high share of male still-births among low birth weight newborns. Still-births are not included in our data 13 The APGAR score was developed in the 1950s to summarize a newborn's health. It measures Appearance (skin color), Pulse (heart rate), Grimace (reflex irritability), Activity (muscle tone), and Respiration.
newborns with mild asphyxia and a 1-minute APGAR score of 4-7 (ICD-10-GM: P.21.1), as well as asphyxia without additional classification of severity (ICD-10-GM: P.21.2). Among all newborns in our data 2.1% had general asphyxia, 1.6% had mild asphyxia, and 0.5% severe asphyxia. IRDS (ICD-10-GM: P22.-) is a lung malfunction which is common among preterm births and begins shortly after birth. About 10.6% of all newborns in our data suffer from IRDS.
Only 1.2% of newborns in our data are (suspected to be) affected by maternal use of tobacco (ICD-10-GM: P04.2). This number is much lower than prevalences of smoking during pregnancy as reported in other sources. Kuntz and Lampert (2016) , for example, report a prevalence of 12.1% for children born in Germany in the years 2003-2012 based on survey data. As only severe cases of smoking during pregnancy may be apparent to the hospital staff at the time of delivery, it is likely that only severe cases of smoking are flagged in our data. To the extent that newborns diagnosed with suspected damage due to maternal smoking are those for whom the medical personnel expects higher needs of care during the hospital stay and thus may also manipulate the weight, the indicator available to us flags the relevant cases. On average, there are less than 0.1% of newborns for whom alcohol use (ICD-10-GM: P04.3) and 0.2% for whom drug use during pregnancy (ICD-10-GM: P04.4) are reported. The shares are higher (0.1% for alcohol use and 0.3 to 0.5% for drug use) for lower birth weight intervals. Similar to maternal smoking, we believe that conditions related to maternal alcohol or drug use are coded for severe cases of use and thus flag relevant cases.
The third part of Table 1 shows three measures that capture information on the hospital as well as the medical personnel that delivered the treatment. The first variable is an indicator for whether a newborn was treated in an inpatient ward, defined as a department of the hospital where the staff (doctors, nurses, and midwives) are self-employed rather than employed by the hospital. Even if newborns are not treated in an inpatient ward, care can be partly delivered by self-employed doctors or midwives. Whether a newborn was treated by a self-employed (inpatient) physician or self-employed (inpatient) midwife is captured by the second and third variables. Information on the place of treatment and the doctors and midwives that delivered the treatment is important for our analysis as the incentives for birth-weight manipulation are slightly smaller in inpatient wards and as it is possible that treatment differs when delivered by inpatient doctors and midwives who generally also oversee outpatient treatment of the patient. Overall, 9.5% of newborns are treated exclusively in inpatient wards and by inpatient doctors; 7.1% received care from inpatient midwives.
14 Although inpatient wards and inpatient doctors and midwives are 14 As midwives are mainly present in the hospital during delivery (and delivery is billed on the mother allowed to treat all newborns irrespective of their birth weight, only few inpatient wards are specialized in treating low birth weight newborns. As a consequence, treatment in inpatient wards and by inpatient doctors is rare for newborns with birth weight below 1500g (less than 1% of cases). Even among newborns with weight between 1500g and 1999g only 1.5% are exclusively treated in inpatient wards, compared to 6.3% for those with weight between 2000g and 2499g, and 11.3% in the highest birth weight interval in our data (2500g-3000g).
-FIGURE 2 ABOUT HERE - Figure 2 shows statistically implausibly large increases in frequencies slightly below the thresholds, especially at 1250g, 1500g, 2000g, and 2500g. These increases are in line with the findings by Jürges and Köberlein (2015) and indicate that hospitals under-report birth weight.
Empirical strategy
We aim at investigating whether newborns benefit from having a (reported) birth weight below birth weight thresholds defined by the DRG system, medical guidelines or a combination thereof. We therefore document differences in quantity and quality of care comparing newborns with weight just below and just above the eight reimbursement relevant thresholds in Germany. To this end we start by estimating mean differences in 25g weight intervals above and below the thresholds. Quantity of care is measured by the length of the hospital stay and the number of procedures that newborns receive. Quality of care is measured by mortality (during the hospital stay). To exclude the possibility that differences across thresholds can be expected as birth weight is related to health and newborns with lower weight may thus simply need more care even if the difference in weight is not large, we also report results for four placebo thresholds that do not affect reimbursement and do not appear in medical guidelines.
Earlier studies on differences in birth weight thresholds have relied on the assumption that newborns left and right of the analyzed thresholds are similar in terms of health (e.g. Almond et al. 2010; Bharadwaj et al. 2013; Breining et al. 2015) . The thresholds considered in these studies, however, were not relevant for reimbursement and thus did not the newborn), fewer newborns are recorded as having been treated by inpatient midwives than are treated solely in inpatient wards or receive treatment by inpatient doctors. not give hospitals a financial incentive to manipulate birth weight. As Figure 2 and Jürges and Köberlein (2015) (with another data source) show, birth weight manipulation is common in the German DRG system. The assumption that newborns left and right of the thresholds are similar in terms of required care and expected outcomes could therefore only hold if the manipulation of birth weight happened randomly, or at least independent of the newborns' health. Jürges and Köberlein (2015) , to the contrary, suggest that manipulation is systematic: there seems to be more under-reporting of birth weight for newborns who are expected to need more care (those who are fragile but not likely to die very early on).
Raw differences in quantity and quality of care around the birth weight thresholds therefore do not constitute causal effects of having a weight below the threshold. To investigate whether at least part of observed difference is likely causal, we proceed by conducting parametric regressions, in which we subsequently add more control variables that account for differences in the likelihood of birth weight manipulation and may explain treatment differences. We implement the following parametric regression equation:
where Y i is an outcome measure for the quality or quantity of care for newborn i, bw i is the (possibly manipulated) birth weight, and 1(bw i < T ) is an indicator for newborn i having a birth weight below the threshold T . The parameter of interest is β, which measures the difference in outcomes around the threshold. In our baseline regressions we include a (centered) second-order birth weight polynomial f (bw i − T + 1), fitted separately on both sides of the threshold and use all observations in a 100g bandwidth of the birth weight threshold. In robustness analyses, we vary the bandwidth as well as the order of the included polynomial. In an additional robustness analysis, we exclude newborns in 10g windows left and right of the thresholds -so called "donut regressions", as Barreca et al. (2011) have shown that the exclusion of newborns in small windows around the thresholds may have an influence on the results. In our baseline analysis, we estimate four different specifications for each outcome. In the first, we estimate equation (1) using all observations with weight in the 100g bandwidth and without control variables X i . In the second, we include a vector of control variables, X i to capture observable differences in the newborns' health at birth and hospital-level controls. If we observed all factors that trigger birth weight manipulation, β estimated based on equation (1) including our control variables would measure the causal effect of having a weight below the different thresholds on the quantity and quality provided. As, however, it is unlikely that we can account for all factors that hospital staff observes at the time of birth, we conduct a third analysis in which we exclude all newborns who die on their first day of their life. All newborns who die during their first four days of life receive the same DRG irrespective of birth weight. There is thus no incentive to manipulate the weight for newborns for whom death can be expected at the time when birth weight is reported. Newborns who are expected to die are therefore likely over-represented just above the weight thresholds. This may explain lower mortality as well as higher treatment intensity below the thresholds. By excluding newborns who die during their first day of life, we aim at excluding this type of selective upcoding as a reason for differences in care around the thresholds.
In addition to selective upcoding of newborns, differences across hospitals are a possible driver of observed differences around thresholds: For example, it could be the case that well-managed hospitals understand the financial incentives stemming from the DRG system and thus manipulate birth weight, while at the same time they deliver good care. Newborns with (reported) weight below the thresholds would then over-proportionally be treated in hospitals with better care, which would result in average differences in outcomes across thresholds. To exclude this explanation for differences, we include hospital fixed effects in our fourth set of analyses. With the inclusion of hospital fixed effects, we make sure that treatment differences arise within hospitals, not across hospitals.
We further investigate drivers of observed differences in care across thresholds by conducting sub-group analyses splitting the sample into the different severity groups. To the extent that the severity groups succeed in holding health constant across thresholds, differences in received treatment and mortality across thresholds are likely driven by the difference in reimbursement or medical guidelines across thresholds.
To separate reimbursement effects and effects of diagnostic thresholds or medical guidelines, we compare effects across the different thresholds. There are two thresholds, 875g and 2000g that are neither diagnostic thresholds nor appear in any of the relevant medical guidelines. Differences across these thresholds are thus likely driven by reimbursement rather than by medical guidelines.
Results
-TABLE 2 ABOUT HERE - Table 2 reports differences in means between groups of 25g intervals across the eight reimbursement-relevant birth weight thresholds (600g, 750g, 875g, 1000g, 1250g, 1500g, 2000g, 2500g) , as well as for four thresholds that play no role in reimbursement or medical guidelines (700g, 1300g, 2200g, 2700g). In general, newborns with weight just below the relevant thresholds stay longer in the hospital and receive more procedures than their neighbors with weight on the other side of the thresholds. With the exception of an increase in mortality below 875g, the share of newborns who dies during the hospital stay and on their first day of life is smaller below than above the thresholds. At the 600g and 875g threshold hardly any of the differences are significantly different from zero. At the other thresholds most differences are significant.
At least part of the raw difference in length of stay and number of procedures, however, is likely explained by the differences in weight around the thresholds: At all placebo thresholds newborns below the threshold stay significantly longer in the hospital and receive more procedures. Controlling for birth weight as in equation (1) is thus crucial when analyzing differences in care around the thresholds.
Although differences in the quantity of care exist around placebo thresholds, there are no differences in mortality.
15 This contrasts with the significant decreases in mortality across the reimbursement relevant thresholds (except at 875g). As first day mortality varies even more strongly around the thresholds than overall mortality, a large part of the difference may be driven by selective upcoding. The mean differences in health-related controls across the thresholds present additional evidence for selective upcoding. In particular at the highest threshold of 2500g, all variables except for extreme prematurity and maternal alcohol use indicate that newborns just below the threshold are in worse health than newborns above. The newborns just below are 3.1 percentage points more likely to be male, 3.3 percentage points more likely to be born prematurely, 3.1 percentage points more like to be twins and 0.1 percentage points more likely to be higher order births. They are more likely to have any type of asphyxia, IRDS or a suspected damage due to maternal smoking or drug use. Only few of these variables show significant differences around the placebo thresholds of 2200 or 2700g, and if the differences are significant they are much smaller in size. This suggests that hospital staff manipulates the weight of at risk newborns -possibly to cover the expected higher costs of treatment. At the other thresholds, the differences in health-related controls are not as drastic. However, they also point into the direction of selective upcoding in favor of the more fragile newborns, highlighting the possibility that selective upcoding may explain differences in treatment and mortality across thresholds.
-TABLE 3 ABOUT HERE -Regression results to facilitate the interpretation of the raw differences in treatment and mortality around thresholds are displayed in Table 3 . The first row for each outcome displays the estimated coefficient β in equation (1) when only a second order polynomial in birth weight is included as a control. For the higher birthweight thresholds, this pattern can also be clearly seen by plotting average length of stay and performed procedures around the thresholds (Figures 3 and 4 ).
-FIGURE 3 ABOUT HERE -
The second row in Table 3 adds the controls for health at birth and hospital-level variables; the third row restricts the data to those newborns who survive their first day of life. The fourth row additionally adds hospital fixed effects to restrict the analysis to within hospital differences.
-FIGURE 4 ABOUT HEREIn line with the comparison of mean differences across reimbursement-relevant and placebo thresholds in Table 2 , adding controls for birth weight already reduces the number of significant differences in quantity of care. While in Table 2 , 5 of 8 reimbursementrelevant thresholds showed significant differences in length of stay, and 6 of 8 in the number of procedures, only 4 of the 8 thresholds show significant differences when birth weight is controlled for in Table 3 . Similarly, the differences at the placebo thresholds are rendered insignificant almost entirely when birth weight is controlled for. The inclusion of healthrelated and hospital-related controls in row (2) reduces the coefficients for differences in length of stay and number of procedures across the reimbursement-relevant thresholds by almost half on average. The coefficients for the placebo thresholds remain almost unchanged. When additionally restricting the analysis to first day survivors (row (3)), the coefficients are further reduced towards zero and only 3 out of 8 remain significant for length of stay and 4 of 8 for number of procedures. At least half of the difference in treatment across thresholds thus seems to reflect selective upcoding. When we focus at within hospital differences in row (4), only the differences across the highest weight thresholds (2000g and 2500g) remain positive and significantly different form zero. The differences around the other thresholds are not significant or sometimes even turn negative. Within hospitals, there thus seems to be very little difference in treatment of at risk newborns due to weight thresholds when observable health differences are controlled for. Only for heavier newborns (for whom treatment may not be as decisive as the risk of mortality is much lower) differences persist.
The share of newborns who die during the hospital stay is significantly lower below all but the 875g threshold when birth weight is included as control as can be seen in the first row of the mortality results presented in Table 3 . The inclusion of health-related and hospital control variables shrinks some coefficients slightly towards zero but the differences at most thresholds remain statistically significantly different from zero. As row (3) of the results indicates, however, the observable differences in mortality are largely driven by first day mortality. When newborns who die on their first day of life are excluded from our data, only the differences at 750g and 2000g remain negative and statistically significantly different from zero. To the extent that medical personnel expects the early death of newborns who die during their first day of life and thus do not upcode their birth weight, these results suggest that selective upcoding of newborns drives almost all of the observed differences in mortality. These results remain almost unchanged when hospital fixed effects are included (row 4). Differences across hospitals thus do not seem to play a big role.
-TABLE 4 ABOUT HERE - Table 4 displays the βs estimated for the different severity groups including polynomials in birth weight as well as all control variables and hospital fixed effects and excluding those newborns who die on their first day of life from the data. The results indicate that the differences in quantity of care observed for the higher thresholds (2000g and 2500g) in Table 3 are concentrated in severity groups 1 and 2, i.e., those newborns with the least complications and lowest level of severity. The differences within the higher severity groups are not statistically significant, which may, however, also reflect smaller sample sizes for the higher severity groups. Table 4 additionally shows significant differences in quantity of care for the severity groups around the 1000g threshold. At the same time, mortality is higher below the 1000g threshold in these severity groups. The reason for this is most likely that hospitals do get extra reimbursement for long ventilation hours if newborns are heavier than 1000g. Here, hospitals have an incentive not to upcode newborns that have a high survival probability with long expected ventilation hours.
Concerning the question whether reimbursement relevant thresholds alone trigger additional care for newborns with weight below the threshold, we look at the results for the 875g and 2000g thresholds that affect reimbursement but are not part of medical guidelines. For 875g, none of the differences are significantly different from zero -not even the raw differences in Table 2 . For 2000g, some differences are significant and remain significant even in the specifications that take selective upcoding and differences across hospitals as well as (ex post) health severity into account in the subgroup analyses. However, there are no differences for the more severe cases in severity groups 4 to 6. While we thus cannot exclude that newborns with weight below the 2000g threshold receive some additional care due to the increase in reimbursement, this effect seems to be concentrated to newborns with the best health, suggesting that among those newborns who require care it is delivered independent of their weight. Furthermore, the results for the 1500g threshold -the reimbursement relevant threshold that is at the same time a diagnostic threshold and that appears most often in medical guidelines -indicates that adding the financial incentives to the possible medical indication to additionally treat newborns with weight below this threshold has likely no detrimental effect on newborns with weight above the threshold.
Overall, the results presented in this section show that the differences in treatment across birth weight thresholds are mainly driven by selective upcoding as are differences in mortality. Differences in treatment, however, remain across the diagnostic threshold for extremely low birth weight (1000g) as well as for relatively healthy and heavy newborns (severity groups 1 and 2 at 1500g, 2000g, and 2500g). The additional quantity of treatment does not seem to result in higher survival rates. It may -of course -have other health benefits for the newborns later on in life; an outcome that we cannot observe in our data.
Sensitivity Analyses
In this section we present results of three sets of sensitivity analyses. First, we explore the sensitivity of the results to a so-called donut-regression and thus to excluding from our data newborns with weight very close to the thresholds. Second, we explore whether the choice of the polynomial in birth weight affects the results, and third whether the choice of bandwidth has an impact.
-TABLE 5 ABOUT HEREAll results presented in Table 5 are variations of the most comprehensive specification presented in Table 3 including controls for birth weight, health-related as well as hospitalrelated control variables, hospital fixed effects and excluding newborns who die on their first day of life.
The results of the donut regressions are presented in the first rows of results for each of the three outcomes (length of stay, number of procedures, and mortality). Compared to the main results in Table 3 , excluding newborns in a 10g interval around each threshold induces only minor changes for the quantity of care but renders the mortality results insignificant and even turns around some of the signs. For length of stay, the previously significantly negative coefficients at the 600g and 1500g thresholds become insignificant when newborns with weight in a 10g interval at each side of the respective thresholds are excluded, while the positive coefficients at 2000g and 2500g even increase in value and stay significantly different from zero. The estimates for the number of procedures are hardly affected at all by the exclusion of the donuts in birth weight. In terms of mortality, the only coefficient that was significant in the main results at 2000g becomes insignificant when the donut is excluded. At the same time, differences at 1000g and 1500g become significantly positive. Overall, excluding the donut around the thresholds thus supports the conclusion that differences in treatment exists if at all only at the highest weight thresholds and that these differences do not affect mortality.
The second and third rows for each outcome in Table 5 report the results with different orders of the polynomial in birth weight. While we use a second order polynomial in the main specification displayed in Table 3 , the results in row (2) of Table 5 are based on a linear fit and the results in row (3) on a third order polynomial. While there are slight changes in the estimates of the differences across thresholds, changing the order of the polynomial has in general only limited effects on our results. The results for the highest threshold (2500g) are particularly stable, indicating that -irrespective of the order of the polynomial included -newborns with weight below the threshold receive significantly more care than newborns above, while there are no differences in mortality. The results for the next highest threshold (2000g) are also very stable for mortality suggesting reduced mortality below the threshold. The differences in the quantity of care, however, become insignificant with a third order polynomial. For the lower thresholds, there are hardly any significant differences in any of the outcomes irrespective of the order of the polynomial included.
The fourth and fifth rows for each outcome in Table 5 report results when changing the bandwidth. The main results are based on a 100g bandwidth. Row (4) in Table 5 reports results for a 50g bandwidth, row (5) using the entire birth weight interval, e.g. 450-599g below 600g, and 600-749g above 600.
16 Again, there are only minor changes in the coefficient estimate of interest due to the changes in bandwidth. Similar to the other sensitivity analyses, the results are extremely robust for the highest threshold (2500g). But also at the lower thresholds, only minor changes occur. Overall, the results presented in Table 5 highlight that our results are not driven by newborns that have weights very close to the thresholds, nor by the choice of the order of the polynomial in birth weight or by bandwidth choice. All sensitivity analyses indicate that -despite controlling for an extensive set of variables related to health and the place as well as the people who deliver the care, hospital fixed effects and excluding newborns who die very early on -newborns below the highest weight threshold receive more care than their immediate neighbors with weight at or above the threshold. The results for differences in care around the next highest threshold (2000g) are somewhat more sensitive to the exact specification but also indicate overall that newborns below the threshold receive additional care. For these groups of newborns, mortality differences are also observed in most specifications. For all lower thresholds, hardly any of the differences are significantly different from zero -irrespective of the specification.
Discussion and Conclusion
In this paper, we investigate whether birth weight thresholds in hospital reimbursement systems affect the quantity and quality of care delivered to newborns. Using the universe of hospital births in Germany from the years 2005-2011, we document that newborns with weight below all but one reimbursement relevant threshold receive more care and have lower risk of dying during the hospital stay than their neighbors with weight at or above the respective thresholds. For all but the highest weight threshold (2500g) the differences in care around thresholds, however, do not remain significant when controlling for birth weight and differences in health around the thresholds that are observable to us as researchers and also to the medical personell that reports birth weight. The health differences therefore likely result from selective birth weight manipulation as medical staff in hospitals tends to under-report a newborn's weight if higher costs are expected. Overall, our results suggest that -if at all -only the heaviest newborns (in our sample with birth weight just below 2000g or 2500g) and among those the group with the least severe health conditions as measured by the assigned DRG stay longer in the hospital and receive more procedures because their weight is below the threshold.
These results lead to the questions what drives the differences in care around 2000g and 2500g and why there are no (robust) differences around the other thresholds. A likely explanation is that we do not account for selective upcoding well enough for the higher threshold. The differences in care for the lower thresholds mainly disappear when the analyses are restricted to first day survivors. As mortality and first day mortality decrease with weight, whether newborns are expected to survive or not is likely not the margin that determines upcoding for higher weight newborns. Instead, other measures such as gestational age may be more important. Jürges and Köberlein (2015) for example find that newborns in the 25g weight interval below the 2500g threshold have on average almost four fewer days of gestational age compared to newborns with weight of 2500-2525g. As in our data we only observe broad categories of gestational age, we cannot fully control for these differences. While for the lower weight groups this may not matter as differences in gestational age translate into early mortality (which we observe and control for), this is not necessarily the case for the high weight thresholds. To us, the most plausible explanation for the remaining differences in quantity of care around the higher weight thresholds is that we cannot fully control for selective upcoding.
Of course, the differences in care around the higher thresholds could also reflect actual differences, e.g. triggered by the additional reimbursement or the fact that newborns with weight below 2500g receive a diagnosis of low birth weight, which may possibly increase the attention of hospital staff. However, it is unclear why similar differences should not be observed for the lower weight thresholds, specifically as the latter also trigger diagnoses (e.g. 1500g and 1000g) and result in much larger differences in reimbursement for the hospital. Overall, we thus judge it to be more likely that neither reimbursement differences nor medical guidelines or diagnostic thresholds induce differences in neonatal care in German hospitals.
In light of the evidence from other countries concerning the benefits of having a birth weight just below 1500g and as reimbursement differences should if at all only add to the existing differences caused by the diagnostic threshold, these result may seem surprising. However, Almond et al. (2010) show that the differences in neonatal mortality and care are not present in all hospitals. Instead the effects are driven by low quality ones. Furthermore, medical guidelines in Germany give only very few recommendations that depend on birth weight, which may explain differences compared to other countries like Chile and Denmark where explicit recommendations with respect to birth weight exist (Bharadwaj et al. 2013; Breining et al. 2015) . Last but not least, like in the other studies on upcoding (Dafny 2005; Verzulli et al. 2016) , higher reimbursement only depends on the reporting of characteristics or diagnoses -in this case birth weight -not on the treatment that is delivered. Our findings of little changes in quantity and quality of care thus align with the earlier findings that additional resources acquired through upcoding do not profit the specific patients whose records are manipulated.
To conclude, we interpret our results in a way that financial incentives relating to birth weight in Germany do lead to birth weight manipulation but do not directly impact the care that specific newborns receive. This suggests that hospital staff is willing to manipulate records according to their employers' financial incentives but does not take the implications of these incentives (higher funds available for the specific case) into account when making critical medical decisions. This finding is in line with physicians taking treatment decisions in the interest of their patients. Parametric regressions within ±100 gram intervals around birth weight thresholds by Severity group for first-day-survivors. Coefficient of binary variable indicating observations below threshold. (Robust) Standard errors in parentheses. N L : Number of observations left to/below the threshold . N R : Number of observations right to/above the threshold. Control variables include a second order birth weight polynomial (fitted separately on each side of the threshold), hospital-fixed-effects and dummy variables for: gender, (extreme) prematurity, multiples, asphyxia, IRDS, in-patient ward/midwife/doctor, maternal smoking/alcohol consumption/ drug use and years. *** p<0.01; ** p<0.05 and * p<0.1. For variable definitions see table 1. Source:. Own calculations based on the DRG-Statistic. Hospital-related controls
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